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IN VIVO 3D KINEMATICS OF EARLY STAGE OSTEOARTHRITIC KNEES
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Purpose: Knee osteoarthritis (OA) is one of the common musculoskeletal
diseases among elderly population, and many studies have been studying
its pathology including kinematics. 3D-2D model registration technique
has been used for analysis of knee kinematics such as normal, ACL-
deﬁcient and implanted knees. Only one study employed this method to
analyze severe OA; however, there have been no studies on early stage
OA knees. The purpose of this study was to analyze kinematics of early
stage OA knees using 3D-2D model registration technique.
Methods: Five patients with bilateral medial compartment knee OA were
involved in this IRB-approved study. They were all female with a mean
age of 52 years old (range, 43–57). They were conﬁrmed with x-ray
that they had grade 1 or 2 osteoarthritic knees according to Kellgren-
Lawrence grading. There were no knees that showed clinically apparent
dysfunction of the knee ligaments. Fluoroscopic images of pivot and
squat activities were recorded at 30Hz for both knees in each subject.
CT scans of the knee were acquired with a 0.5mm slice pitch, and
3D surface models of the distal femur and proximal tibia were created.
Anatomic coordinate systems were embedded in each model according to
reported conventions. The 3D position and orientation of the femur and
the tibia were determined using model-image registration techniques
(Figure 1).
Fig. 1.
The accuracy of this method was 0.5mm for in-plane translation,
1.6mm for out-of-plane translation and 0.5 degrees for rotations.
Knee kinematics were determined from the 3D position of each bone
model using Cardan angles. Tibial anteroposterior translation and tibial
internal/external rotation were used for analysis.
Results: During pivoting activity, the tibia translated 1.0 (SD 2.4) mm
posteriorly and rotated internally 19.8 (SD 7.3) degrees (Figures 2 and 3).
During squatting activity, the tibia translated 4.3 (SD 2.5) mm anteriorly
and rotated internally 17.6 (SD 7.2) degrees (Figures 4 and 5).
Conclusions: A previous study on healthy knees that employed 3D-
2D model registration technique has demonstrated that tibial anterior
translation and internal rotation were 0mm and 24 degrees for pivoting
and 4mm and 22 degrees for squatting. Rotational parameters in the
Fig. 2.
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present study were smaller than the results of the previous study on
healthy knees. Another study on severe OA knees has showed that tibial
internal rotation was 11 degrees using same method. Internal rotation of
the tibia during knee motion seemed to decrease with progression of OA.
These changes in kinematics possibly have some inﬂuence on initiation
and progression of knee OA.
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Purpose: The purpose of this cross-sectional investigation was to
determine the inﬂuence of alignment and obesity on the knee joint
loads of overweight and obese older adults with knee osteoarthritis. Our
primary hypothesis was that there would be a signiﬁcant interaction
between knee alignment and Body Mass Index (BMI) on knee joint
loads, independent of gender and walking speed.
Methods: Baseline data from a subset of participants (157 out
of 454) enrolled in the Intensive Diet and Exercise for Arthritis
(IDEA) clinical trial were utilized for this study. Knee alignment was
quantiﬁed(N=157)using a full length anteroposterior (AP) radiograph
and categorized into three groups: varus (>2 deg.); neutral (0–2
deg); valgus (<0 deg). Internal knee moments, knee joint forces, and
quadriceps, hamstrings, and gastrocnemius forces were calculated using
a 3-D gait analysis with a 37-reﬂective maker set arranged in a Cleveland
Clinic full-body conﬁguration, a 6-Camera Motion Analysis system set to
sample data at 60Hz, and a torque-driven musculoskeletal model. Linear
regression models were ﬁtted for each kinetic outcome controlling for
gender and walking speed.
